WO 03/ 011441 PCT/ US02/ 21249 SEPARATI ON MEMBRANE END CAP The present
invention relates to separation el enents useful for separating various
conponentwoaB/oiii«i ds. More specifically, the present invemwdrasozeizates to a
seal structure for sealing adjacent separation elenments. 5 The use of
pressure driven fluid separat, . In such systens,
a fluid mxture is passed §%%&ﬁ@§@§@%bgﬁn§%gpane adapted to act
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advant agestrsctire fohsealing adiadent sepasmtionelpmemsabr ane cont act area while
permtting a rather, ,small_.overall.conajnnent. vessel . A standard.way, of
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used si nglsglegtivej harmirsdpermiféing epme gorgpeneasts dthe Heidrcompasiton fgpask direugher neat e
condui t Sﬁxi“e?enag'l ﬁ_ge gl?ual way to use spiral wound nenbrane elenents is to
contain t A& R4 % ?ﬁ%ly or nultiple in containnment vessels to form
fluid separation np@dlR: fiddtend Epieil @wné attmbrind dtfangedienty sREosinigllyused can
be conveniently interconnected in series and/or, parallel arrangenents to
provi d8 t i ceresercidl fhuidsepasation prayessss. r Bire Y apifal vEuad exenairanesdi cal | y
formed by apni herial...

contral - ool At afiFs 1Sk Hne TEHREGRE W EhortnE TuiMle

stream Span#rseall cohfammethevessels A standred wagdf tupphging gitad wonad nreatbemieat e
channel s t hrough V\:h'iCh the feed nmixture passes a d js separated into the

ret ent at e feiAFERERE! Bte ip &} thederen ¢ e Slepieats Waeh comp eeHn rane
surface. APk i : I gyl i t
Nos. 5, 538 BB G e e BahSolRe.
seri ed5wi miryrthen bé ngl singhdoerd jeined itogetler desirienby etercosmatingitheapermeatd enent s
to one another.,, and patrticularly the correspondi ng adjacent  pernea t ubes
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i s acconpleithérashdhy of RAIHPIEInQonfirihd vog el ea koral Mad deF@RonSHeduI&S THaat
disclosed in 30 United States Patent No. 5,851,267 to Schwartz. |In such a
sliding sezgdulgscanga firn: be uaed singleercon be sonysngsatlyinteigpandctedrip seissaad/ar t hi n
t he ends qf i . e f i t separation elenents. The
i nt erconn ﬁaﬁgiuag“ga%gé‘?‘?‘ﬁé@e?"g%’wﬁ% es%sggg%fﬁ’;éggrt grooves on the ends

theregb that each rpauMveo@ime@bainss &6 tPicdllyFornldtEbyOvtdppi crke@r afor@nged to
segregate -1
areg sheets of membrane material around a central conduit containing holes for recovery of a

central permeate stream. Spacers or other devices can be used to maintain feed-retentate

channels through which the feed mixture passes and is separated into the retentate

component or permeate components that pass through the membrane surface. Examples of
25  spiral wound elements are provided in US Patent Nos. 5,538,642 and 5,681,467.

When multiple membrane elements are used in series within a single module,
it is desirable to seal adjacent elements to one another, and particularly the corresponding
adjacent permeate tubes to prevent the flow of feed fluid into the permeate tube. Typically,
this is accomplished by the use of a sliding seal arrangement such as that disclosed in

30  United States Patent No. 5,851,267 to Schwartz. In such a sliding seal arrangement, an
interconnect pipe or tube is received within the ends of adjacent permeate tubes of adjacent
separation elements. The interconnect pipe defines a pair of spaced apart grooves on the
ends thereof that each receive and retain an O-ring. The O-rings are arranged to segregate
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WO 03/ 011441 PCT/ US02/ 21249 the perneate and retentate fluids by applying
radi al pressure between the outer ends of the interconnect pipe and the
i nner surweme®imfiit he respective perneate tubes. US Pat entPCNaiSo2B884, 267
further discloses a pair of end caps |ocated on the respective ends of the

separ ati on. _nmenbr ch e fl nes i_nner enj for 5 ej ving
the por medeernae 1 e AR shPa e ERER! B s st 1 or
securing lrﬂdjcmatplﬁeﬁﬁiﬂl%'lﬁéf@ﬁﬁd@@bﬁth%@@@é&tﬁfepeﬁﬁe&flib@g i's retained on
the locking ring to outer radi al perlpher% of t he
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prevent t r e
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simlar SHUGLURE Jufer rﬁ?{ﬂgﬁn}éﬁbrg'af R Endleabe srHakant b@é@wee@aﬁ%@n? 8ild capgPanese
Publ i cation No. 11267467 hows an 1'nterconnect tube having seal S on
ei t her endnd prevaist a s¢d to preamttthmfeedmﬂrmmlomfetdntﬁtesumnnﬁfomlﬂtgvmglelongﬂ@s is
shown in J anese Pat {)/ 000015064, ﬁth' | assenbly, an

|nterconn8 7OR VEiS Wﬁg ?tp@erha aGePLypaHon Sdi aneters is used to

controh the pressur@dd@fnal éhdtdag stredtart ateshbWaen J@aﬁ&eqfubhmﬁ)ﬁwt hods
requires an interconnect pip sone sort having a relatively smaller

di amet er fhAY 1A vhsesimBwtead cap inclufgean nﬁ@r@lam%f@mw B I@V@gla@@rstréeturw 0
20 th |
For ther - OpafeaddiABF Bl RFSERAR iU ARACER PebmOfe e ANBRRMACLEOR, .

to defor WBhdvﬁDnﬂUnﬂtBi‘lCStHﬂeﬁlBatdeN@fbgml 7670mpahése Pygbheutien Nes 1247469 also an
i neffecti ve seal. In certain installations of the |nterconnect pipes of

this typeshows sisteseaanestiphavingseals o cifher cadihereef. t he O-ring to facilitate
| nst all% ation. The Ih‘tA’Qﬂdtﬁ%%etﬁ I thf?:}’doﬂﬁeéﬁ g%‘é ABLIR5hEM E{e J;&glnfé% phehire

pernmeate stream 25 According e present I nvention, I'S provided a
separat i oNere(ﬂmnSO&ad[aphledsmbbe apmmtamdnﬂaatlan pitedaeint asmpatryaxfummr el enent

for pl ace in .a s arati nodul e. n el ement conprises a
ber meab! 6 CEBEATIS R BOLAPUHORE TS 1S el BRRHEHEE 1 n 1 Ui d

comuni cation W th gafi pFhes! HELOs RGhifbsBRAEARDLLAG B fEdhe 6t hashd AT
perneate. The separation el ement further conprises a pernmeate tube Tn fluid

conmuni catédlaively sthalten dianggergbamiba pernatatainbe.. Thmwthmmmpqsmlném%ﬁﬁ@

bet fi pd ends. A t | t h
rot entl o tercadRar oG Berbng ot eOith i DereRRie e Joik ol B e
separ at i ofheshRR®Mhedt Pigthe cpﬂis)gsl € Subject edlefothi ftRMmer bosuisiab Atlolged flohe t ube

and adapted to engage a sealing nmenber and axially conpress the sealing
menber bethfeznota,eesulting in an 1neffect1ve seal. In certain installations of the interconnect pipes

of this type, it has been known to add a lubricant to the O-ring to facilitate installation. The

lubricant can provide a contamination problem in the permeate stream.

25 According to the present invention, there is provided a separation element
adapted to be joined to a adjacent separation element for placement in a separation module.
The separation element comprises a permeable separation body defining a permeate channel
in fluid communication with a first side of said separation body for collecting permeate.
The separation element further comprises a permeate tube in fluid communication with the

30  permeate channel. The permeate tube extends between first and second ends. A separation
element further comprises a retentate channel on a second side of the permeable separation
body. The separation element further comprises a seal surface connected with the tube and

adapted to engage a sealing member and axially compress the sealing member between the
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WO 03/ 011441 PCT/ USO02/ 21249 seal surface and a seal surface of an adjacent
of the separation elenents. This prevents fluid flow fromthe retentate
channel iwD®3Wha4per neate tube at the end of the perneatePCOES02/21249
Accordingly, it is an object of the present invention to provide a seal

structure ng Eﬁ%&% a?lﬁla%(é%%hrf%(geogfr a%taidfa%el%l o%’@e”%eﬁm%ﬂé@ efeﬁgﬁﬁe %‘h}srb?e{%gg)ﬂidm

seal surfaces, ereby reduci ng erils cont am nati on i'n

per neat e floxelom thd retehtaae chidnael iah) the perdieatetabpiatabesid dfthe perneatetabgr ovi de a
seal structure between adjacent separation el enents connected tq the
perneat e tube that Accasdmgly.jtisagepiestaldhe prsseif siveaton ta pravide gisght

connecti og &Eﬁﬁ%ﬂwéeﬂ%ﬁ?a?h%@%%ﬁﬁaﬁ&?&&n@ﬁtsﬂﬁk?é&%@és the ERALALIr Q8 §LREREL S- 10

It is another object o esent rnvention to provide a seal structure
that 8l i theneiyesdtcmngsthengkof cettadimtonin thh peswmlte gtaanct ur e duri ng

installation of the_separatiqn _el.enments into the separation nodule. It is
bot her - obj ect. of |t AGSBRRBEHIGSt GBI eT MR PR Sea YUICHEF o t hat

reduces t peRes adfabddt %éba?itidﬁeéié?ﬁélﬁé EMe@bd 1dBe PERhcaRd fub6 HHAL R adillyNg
installation of tthhe 15 separation elenments into the separation ndodule. It

i s anot hecombjessad tobravide pfluilgight conneetiomobetweerf thg pemecafroigibes afradipicenthe seal
structure éo %reve?ent z%brasi on of the seal structure do to novenent of the
separat i o HHIE 87 seal structure duri ng operation. It is another object

of thegpresent invemtis@hother §Hjedtodthedresent inSédtisatts pRovidvad sealéirudaes tHapt
restrict the fluid flowin the g}grrreate tube. It is another object of the

present i gliminatesiwisiingosvlidiag af heapalstrpetate duasingringtallagion of HhorsepadiiRie t he

ef fecti V.eeieﬁ{égsnnﬁfthépufpﬁaef arad .u(?é? elements. It is another object of the
present inventron to provide a |l ocking arrangenment between adjacent

separ ation el enent s Ifibahothecelj&s of the peeseariavémionad providesa satistpucowe thas a 25

predeterm ned apount _of axjal conpression_on the seal structure, It is
anot her oB§asiges e Ppmbllﬂye%féﬁor{r&wgmt) B el sEpsthre e invllaeRat ey o

| ubri gant sé%rét{b?l e?ﬁeé%tﬁﬁﬁdjﬁ%%%‘%ﬁmﬁ“ ate installation of the

separation ement s, ere Imnating a potential for contamnation in
t he perneate streamitistnothernohjedief thelyresent infertioa tp fizshapositonedithoseal s t o

2 2 AT e, oS58 bR b s
i nvent i on of Geal Br@rdAuAink Opkhtfigh.ar rangenent bet ween adj acent separation
el ements that provides an audible or tactile indication that the el enents
are fully | ocked t odeisaapther @ject of the present invention to provide a seal structure that
20  does not restrict the fluid flow in the permeate tube.
It is another object of the present invention to provide a seal structure that
does not reduce the effective length of the separation elements.
It is another object of the present invention to provide a locking arrangement
between adjacent separation elements that secures the separation elements and provides a
25  predetermined amount of axial compression on the seal structure.
It is another object of the present invention to eliminates the need for a
lubricant on the seal structure to facilitate installation of the separation elements, thereby
eliminating a potential for contamination in the permeate stream.
It is another object of the present invention is to provide a sealing structure
30 that increases the useful life of the seal structure.
It is another object of at least one embodiment of the present invention to
provide a locking arrangement between adjacent separation elements that provides an

audible or tactile indication that the elements are fully locked together.
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WO 03/011441 PCT/ US02/ 21249 1t is another object of at |east one

enbodi nent of the present invention to recess the sealing surface to
protect twe ms@alstng surface during handling of the separatcarusozbeaent s,
prior to installation. It is another object of at |east one enbodi nent of

t he present inventi L9 Lovi d roove and retaining the

sealing structure tot 'R98e ??ﬂ%citgﬁ?ﬁalS%éPn? ggé&{i%%gfﬁ?{eisﬂrgﬁnﬁBW?W%EOUr e. It

i s anot hekedehy m@%e&fng@ﬂﬁawé@%twmﬁe hlihd Surfice 98fihg hahdEng oPthelsepRatdH de a
perneate interface adapter that includes the sane sealing structure used

bet ween adjescat rrigidgdpgeliasione] ements. 10 Other objects and advant ages of
the present inventi i . I i S
better understood bgtnirS %é%%ﬁ%ééﬁggkﬂéasg gﬁ%}%@mﬁ%%&gg&%ﬁ?%ﬁ[% Seélgg}glre ?tg(ﬁ)@ when
consi dér egrovidecaogmoeee tarmeasitily hinbretedmingirngaliny druewiragsavoitkuententidriaglose 1
is a cross-gectional view of a separation nodule partially broken away of
the one pPERESFUPESIHSBIrent of the present invention: 15 Figure 2 is an

expl oded vi ew of on@tieraﬁ&ﬁéf@ogr%cgtegommﬁe&m sobtt Ifvehtith toREGAENA

i nvention and showi ng the per Figure 31s a perspective view
showi ng ametnheate ipteaface néapterthas dickedes thuf satdessealengistompire Beglnebvegniadjagent
perspective view .partially broken away, showi ng another 20 preferred end
cap set; FFRANONLIFACNIS. o h5s sectional view partially broken away showi ng

one ppeferred arramgBeEIMecd andhAvafRades SF HéPrbdeti invbdnayifl YeTealyend Vi ew
of one preferred enbodi nrent of an end cap set; and Figure 7 is a partially

expl oded peprepiatediay thadamg hebomekbsice predersioodlepeaierengsrio thrsfollpwingretailad
t i . ; .10.in_Fi . 1. 10
et udes. SRR win S5REA RO vitttnt el Fpd Pl W 10 e

separation el ement Figire ans & orops-setiodl Wieve bt a kepainitios el paptinligl teolksit t hat

has a surface perneable to one conponent in a fluid stream and i nperneabl e
to anot helawébﬁg@ﬁéﬁﬁ preferrebenbodimentoidhe prgpant Beptd®ie separation el ements

that 5 ovi des. a. vt E BT S  enahaafoRARRRELE ok SRR Bha clfin Mo BHAERETEEE, o
cont ai ni ngrdstut ipeantion lahé sleowing thrarermedit esbepnponent s- al ong one side of the
separat] on materi ab,and.a, ehamcl, o shannel s Lot coblegt Lan Rl L%
per neabl e conponent $$WHMIHAPEIEP VIEW Snowing p
end cap;
Figure 4 is a perspective view, partially broken away, showing another
20  preferred end cap set;
Figure 5 is a cross-sectional view partially broken away showing one
preferred arrangement of the seal structure;
Figure 6 is an end view of one preferred embodiment of an end cap set; and
Figure 7 is a partially exploded perspective view of one preferred separation
25  element.
A separation module is generally shown at 10 in Figure 1. The module 10
includes a plurality of separation elements generally indicated at 12. The separation
element 12 can comprise any well-known separation element that has a surface permeable
to one component in a fluid stream and impermeable to another component in the fluid
30 stream. Suitable separation elements 12 may use any type of effective separation material
in any arrangement that provides a suitable channel or channels for the passage of the fluid

containing the permeable and impermeable components along one side of the separation

material and a channel or channels for collection of the permeable components from an
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WO 03/011441 PCT/ US02/ 21249 opposite side of the separation material.
Suitabl e channels for perneate and retentate can have radial, spiral or
ot her conmWoganatstons t hat can pass the fluid containing tReTpsSoeR2 € and
i npernmeabl e fluids axially into and axially out of the separation el enent

or collecting., the rnmeate. flui,d.an Si [ xially ou f .t.h

separati o?PPé’?‘é‘FT%IH‘E 9P%?z§ﬁlﬁﬁr€t§°ndpat n%p%uﬁ%iﬁ F@gglﬁ%ﬁ EPE‘P&‘F%“ iaﬂ(ifeg%flécétg %fu} al
wound andhdvelrh@wl, kpiRe lor 6@RF baifigatationsthaftVabihe WBI ¢dpeaisiap dctdr@Batat enent
is preferably arran?ed such that there is a coaxial flow with the perneate

flow in t#sisenermeable,Brids exially e andsaxigliyoeny o4 heseparatien Jpaert oricallestiggr e 7)
f the el in Fi i i f th

P espoct | viCEHmetd R MRl LU Fod THVNhAGHC EEALHETbnplced o 1N°

separ & i oppticabie sinbodihentsaineludanspinat woohdadd b vwafiberpas8gutat@odsal | y t hr ough

the elenment fromoff-center_inlet and outl et ts. Suitapl e separation
el enents of this tyBOW ‘ili‘m&lgbég‘? LPpgragen Elﬁﬁﬁepbﬁﬁtpg‘?%r&ﬁlé’ agqagggiquph%h@ﬁ ° 1o

those ski “:@59?'2{1 MolNFitR itle pefihiedts HowSiH W cenfraFbHES (that ié, REonEDREs AT RfsBHWET
arrangenments for the separation elenent 12 conprises a spirally wound

el ement 1 Figwier7) ofithel aleradrtt Theokrrobd indFidyre h sbow devdissctidn oflow vétheat e
channel sheet .16 _se ates each nenbrane |eaf. 14. .Th ret ent at e channel
sheet 16 Eomstive S HwaverBepresel menfion Fatioiied it Raion AeBefiF oui de
separ g i ORhBRINB SR batl BRI tre bARVESxidlfy thiSIBNES SBfehtS¢ih 3P @htes EETand6
defines the retentate channel. Each of the retentate channels is in fluid
conmmuni caguthat pedts. Suiteblerssparation eemirtn aéthis ype iha Hetjeiy eheondiggeatians as wallenent
12. 20 Eagh of, the | s. 14 e wound about a perneate tube 18. The

per neat e ﬁ‘ﬁ‘i}%%“’l °§ens§(ﬁﬁe§é%%§%{'ur ality of holes 20 therethrough. The hol es
20 are for receivi ngstbg showh ifERigared) thd mogtiprefarréd erpenent ortthe ent er  t he

perneate tube 18. The outernpst radial portion of the separgtion el enent s,
over the pepatAsien elemengligycompsisetiespiratlywerungd elegpgng ¢ havinga pBYAHRY Rhy conpri se
an i nper t A\ Lapigh i al
from pas gi& %g{b? %Ae? Keg(’%% s'i%\gét% tatteﬁcg segg@gt }%l%%g{agégn% %%H T%ﬁgﬁ%te g%at?vl\gg;[ﬁté he
separ at i oretaitsteehdnntPsheeid] & dvenppisess tiresh stest ab isddell Buwwin indbears, tapsovidyd |

{1 bor gl aSSSPAORPeIESR G IANES LI ThFUAT SyBRcnes b AeHERinE e EE, o

about the ouhsi 48R G elcBRNETatdkls isTh 8Id dRRhinfiaRloR WilVHE SetbitleWHBnddiose
described in US Patent No. 6, 066, 254. 30 Each of the | eaves 14 defines a

per meat e ofi@nmbidcenhsephuatidn elsmenhlZation with a first side of the |eaf 14.

The pgrneate channel, i,s fined a_per te channel, sheet 22 di sposed on
t he iZ@i de of the | 4 ‘i&.ﬁeﬁgesp@r/%é@ n@ﬁ.@%ﬁglpegﬂ%ag? @5??0%?%%%&% mesh
sheet, asqjhg I\Brﬁhéludl@@w%uﬂagt}i dfhoBsk ROtRerBhedtighe The Balea 0 aft fof rdcbiwirgehé 14.

e -

Each leaf. 14 is fold
permeate and to allow the permeate to enter the permeate tube 18.

The outermost radial portion of the separation elements, over the leaves 14,

may include a cover or shroud. The cover may comprise an impermeable layer that will

25  inhibit any feed or retentate material from passing to the outside of the separation element
12 and between the separation element 12 and the pressure vessel 24. Such covers are well
known in the art. The cover may comprise any suitable coating, such as fiberglass, epoxy,
or any other sufficient layer of impermeable material about the outside of the leaves 14.
Other applicable covers include those described in US Patent No. 6,066,254.

30 Each of the leaves 14 defines a permeate channel in fluid communication
with a first side of the leaf 14. The permeate channel is defined by a permeate channel sheet
22 disposed on the inside of the leaf 14. The permeate channel sheet 22 comprises a mesh

sheet, as is well known in the art to provide separation of the leaf 14. Each leaf 14 is folded
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WO 03/011441 PCT/ US02/ 21249 about the perneate channel sheet 22 in the
ordi nary, well-known fashion and is secured to the perneate tube 18. The
open end wbD iBoaf4414 is secured to the perneate tube 18 abeam/usam212bdl es 20.
Thus, the perneate channel sheet 22 defining the perneate channel is fluid

The per rmear gt b d bR i 22 Sisel? SOLIRAN L b o R e

Eol es 20hiﬂmlmerhhaeiwjen&t'ﬂle dpehend 8f leéfllémslalemired th_h?péxﬁ[b@bl ’]Ee’othb@lfzﬁ i%(ﬁmT Bt
aving this general structure is conmmercially available from Fil nflec
Cor por at i @Hle%%%f@%éh‘? PeFH’éatﬁé"Pﬁ%"&i) gheehzhdefing the perpeaiechanaelda flpidh meat e
for passa I I

B mileRidfn Wi EROEES0 o ARGORE poffites HAHMAR; BrEuRIRRIGKS .

distribute ect retentate muni cati on W
channefs. ciimmepterfiertimocgiatha pbrnoamnehannetaad twbtgh thhdolek @D dxsto 2 pdninehteper ni t

flow into the perneate tube 18. As best shawn_.i.n Figure 1, the nodul e 10
furt her iﬁ%h%lcﬁgé%emgaf @ sgpatation ePezlzﬁnt RS s gﬁ‘»ﬁl@?ﬂié%%ﬁt%ilw s 12

i's contai nQsilaid fbm HRETR CHpsatioy e8HEJ0-4bd». More specifically, the
pressure vessel 24 defines an inner opening 25. The separation elements 12

15 are | ocated in tHheipsmeateghsnhelg collect Wpatated premeatadyr massage hoooglethel enent

12 in the ur.e essel 24 her e _can. t0,Seve i, ght separation
el enent s f%ﬁﬁ%aienée}ba{% qnﬁ%lgeerrefeélga © %ﬁ*’t"ﬁi‘%ﬁ QE?M%)S%‘?M%F%@%BY%& J@Essel 24. The
pressuoe \¢emsRinicifion vithl ths fler@ité chdringlse Mike Permbdeaétaffe]l Rbin@fhichbes vRG theends
of the pressure vessel 24 include an end plate 26. As shown in Figure 1,

the end pihgles 29avhich peraviteliawm info thernermegte ¢ 1i8ncl udes a feed opening 28
connected to 20 a f T , j . es e
oponi g or port ag. st pihet: el e HAMAR REL TR
vessel 24 2dnEadhdeshasapatadinh alemedissiCtiacotainpéwithih the ptesstrewegsel 24haVlores
simlar to th eed opening 30, The retentate discharge opening allows the
retentate Sp?ceﬁ@hm fgﬁm’éesawsg@wbz%%fg@ﬁ ap NCRPREAINGyen- h heigbarrtienelemgnts d

equi pped wid 1dcae@ R tHE rfer OpKriSS 25, WHIN at e
outlets is pl ﬁgeged SO thgtgb%rﬁlgé%sl ng%‘ﬁt@}r\éemﬁ}ééﬁgg?gﬁgg%nﬁgt %jr:?lyth%\ﬁrtegﬁll&gfhe
one end ofvesseb24 thegs oarebearas walevé@oramigly lsoparation dlemgents 12 comecitd swsdriee above,

2 fead | iR AlBe B VERE o hebrine el 2 fisio gl SRR fted t hat
nul tiple fheasthd fhes 36. MUl dndk 8f hRtpRaaie veilel 24 mchiAEd aféhd Rt EA BRI in

outlets may be used. Each of the sSeparation elenments 12 includes an end cap
gener al | y Fignge dathe éndiplateglp 8 preferabbyctircehid andimshidenal fasdppsuing A8 Icomatwstedrio

i nner LJhub ral i, ndi .36. ,The inner hub 36 def.i an, i;nner. hub
ond 520 nadEaERBL st Wik ERl ik Qo ihABRE opBitRy 3PudiP sl 1TRe Ak SIERSH N
The i nner abthe oBer @hd of thepréxburea vosseb24 BioRiden@retéhtitb dischdizObgdhingl(het shvwd)ar

opening 40 is for, receiving the perneate tube 18. Wil e the annul ar openi ng
40 may be thais similar to the feed opening 30. The retentate discharge opening allows the retentate

to exit the pressure vessel 24. Also, both end plates 26 are equipped with a permeate outlet.
Typically, the second of the two permeate outlets is plugged so that the flow of the permeate
25  is only out of the one end of the pressure vessel 24 as shown in Figure 1.

As describe above, it is common for pressure vessels 24 of the type disclosed
herein to have a feed inlet and a retentate outlet. However, it will be appreciated that
multiple feed inlets, multiple retenate ouﬂets and multiple permeate outlets may be used.

Each of the separation elements 12 includes an end cap generally indicated at

30 34 oneach end. Each end cap 34 includes an inner hub generally indicated at 36. The inner
hub 36 defines an inner hub end surface 38. The inner hub end surface 38 is preferably a
flat surface. The inner hub 36 also has an annular opening 40 therethrough. The annular

opening 40 is for receiving the permeate tube 18. While the annular opening 40 may be
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WO 03/011441 PCT/ US02/ 21249 cylindrical, in certain enbodi nents the inner
di aneter of the annular opening 40 is tapered to facilitate connection of
the end capo341miut h the perneate tube 18, as will be di scrszdwbor/m2490r e
detail below Further, the annul ar opening and perneate tube 18, while
preferably ;. havin Lrcul ar cross-.secti.on ]

geonetri cx%l%)nn |cglﬂrg1a%rt§{nn. © %ém rétgt%h % o%dl?mnetﬁli[@tpée%ﬁ@%%ﬁ%ﬂggagg %P%rf’ %I ity
of ribs ofo fipkas cahhettidreofthe eadita) 34w thaaFegingaté tub 18Nes williey dikdbsedGn The
ribs 42 act as an anti-telescoping structure, Specifically, the rjbs 42
engage t hBwghddiaibpelowe Hugthei theannilyr gpenjegand prameaig e 1§4W¥’%1% Rreferablys opi ng

or novi ng I €. Al L | he | eaves 14
t her ebet Wle}{le‘jr?lhgl Erhfefﬁ%ll 058%2862{@%%&{[\%@@SS&P |8igg§?etﬁﬁg§vgﬁlpé{rﬁ%r the feed or
retentiite to exit 1Ashes shewanmFignrese-4 amhé, alFumiityest riby adpeles AR exterdent | 2.
In one preferyed e dinent,.as sho ,n Eigures 3 and. 6, each rib may

el ude. a KA GUREIRHEPBARS IRCHRGY Hs BT LR ciet Bhero U ar Al ST E e
flange 44g,ddhgcallpr Mbiibs 49 réng'gge' the ERls FARSIpMbsAUGS pRevElthd Rabls RNG@HI acent

end cap as shown’in Figure © Mre specifically, "each rib nay define a
channel otelgseopig onoymgtrhlativetoamesuigihes uFliuscthe 1fhs B soriide thFfeaves bt r usi on

46 passes,over. one t war ext endi surface of . the rib 42 an i nt.o the
channet - a9etept R THE R Yo T ORBHLARE ol of 1S hiorTereRhes o)l

sever g Of)néf@araﬁb@%feﬁfén@[@eﬂ@r&i&Illjédeﬁﬂ&&ﬁéﬁtm.pass into respective channels
47 and audible as well as physical indication can be observed to provide

f eedback that the r&spreaprefesred etbodisentras showe kelignies g6 eashath MpY | be
descri bed. . c r i g rally
i cat e S{Uara neRRe M GEgh. 8 BrofflgHAe lerdR SRR AP e b R O RE L o
A | ocki ngpfidtfusioh WU Eisgenedssing Yved 1idb d2bean adjacent ésd Eapras BRowd irspigards.on t he

end cap 34. The |ocking structure 52 is adapted to nztﬁcure end g_%p 34 with
an end caplosg speeifigallygagh shmmaedefing dhannsl ghissess 77 andhe AvRReISs SUBR¢fure 1.
The | peki r frudton! ' - Sunface
A e G RS e i S e e
r ecept acl éso thesthasmed 43b@he ptdimsionutoethudisivetsimed acthe sBanneh4’.pAs pevetdl ofitheand

br of ect 1 oREBIEH & Srbigppus RS Spapsteesye hinonlsdTag el Bl & ner
rel ativel ypiddddiRiGhibR RarBe SOKErARA 10 BERAdd 1BEEhaRR flak B1 reshectiNenld@afs AR L1 on

58 has a thickness greater than that of the inner section 56. 30 The
r ecept acl &skedinpassmnayevillibgslegdibed below. out er hub surface 50. As shown,

toS BT £ %% no hoad T8 <5 S 2 B RmeRues Mol on B0 ifcdi 4 257 98" 019"
channel i gufePhiie48 8&RIRE anbbRr UL Sirfive B0Skuré@L eA Betkiny stiuefet yénserllyne head 58

of the spade 54. The opening 60 includes -7 . .
indicated at 52 is further disposed on the end cap 34. The locking structure 52 is adapted to

secure end cap 34 with an end cap 34 of an adjacent separation element 12 is shown in
Figure 1. The locking structure 52 is preferably disposed on the outer hub surface 50. The

25  locking structure 52 comprises a plurality of projections and receptacles disposed about the
outer hub surface 50. The projections and receptacles may take any of a number of forms.
As shown in Figure 2, the projections comprise a plurality spades 54. Each spade 54 has an
inner relatively thin section 56 and an outer head portion 58. The head portion 58 has a
thickness greater than that of the inner section 56.

30 The receptacles comprise openings 60 in the outer hub surface 50. As
shown, the openings 60 have a central area 62. The central area 62 is large enough to
permit the head 58 of the spade 54 to pass into the opening 60. A channel is formed under
the outer hub surface 50 for receiving the head 58 of the spade 54. The opening 60 includes
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WO 03/011441 PCT/ US02/ 21249 side sections 64. The side sections 64 have a
smal ler width than that of the central area 62. The side sections 64 allow
t he i nnerweasiam 56 of the spade 54 to pass therethroughpcaiSomei2b9 not

all ow the head 58 to pass therethrough. Therefore, in order to | ock end

caps of thi.s type dj end ¢ are 5-alj 58
of "the. spae st s HRe L sPet PP Rn Raimin d VERESeR SR of WticshiR GRS 2
of the adiraesidt s&ﬁﬁn@@@aﬁcﬂw thiian@ectiodiss Fhaspade Y8 e pask ageétheughut vill he
respective outer hub surfaces 50 engage. The end caps 34 are then rotated

rel ative 0ot aloa thghead & tonesethersdiroBgle| ockwi se or counter-cl ockwi se
direction until the at the
end of either of thghggg ereiiggﬁegﬁlogge%ica}?%gﬁflﬁ??ﬂg d?%gtgén}d% %théh
posi ti®n, alifiedench thapthe handsdi8 dfehaspaded 34 areuhghedl with thesprtcd] ateas 62 ef ﬁmot her.

D sassenbly of this. conpection, of th end_ caps 34 is.acc | i sinply by
rel ativel VPGW%%Sa@Qféh? acetend; ;5@ 344 hﬁeflﬂé FEF Peshg gFQﬁr}HPGBHn &}P t he

heads 58 E&fﬁv\é‘oﬁf&r Wis sﬁ%ﬂf% 56 eng”ag@ aThe el‘Rf catpE'@4 QREMENEhtatdDRIARA t68RS 34,

when in t position, can be noved axially wth respect to one another to
di sassenb Iamotheran sttvarraatl ockwisd eenntet-2lotkwise dne@nqnam@hthesmwrsaﬁlom 54 6f

ol amont s B RadSisaipofla e 2 Bk el Pdidts MRS NEoBSERER, gy in,

havi ngo t henié drC &e dnAG4 @ébxﬁbfb@éﬁﬁl@rﬁ@ved'xﬁlﬂpfeaﬁ&iﬂt&éhetdhbﬂleﬁnds of the
separation el emenf 12. An alternative locking structure 52 is shown in

Fi gﬁr e g Disassemahhn of thisgoguneasionpf thewndmeps 34 isiagpemplisked pisaplnbpralatiielt y of
L-
shaped 35’(?1%{% %@%g%pgg%ﬂmmag gsﬁ; a(?%?é&?lgngl?\ lﬁg fe?é g'SQ%hérg(;vﬂlﬁ r‘ﬁl’gé ‘%E"lgg?

t her ebehi conpr e recep or re

out er nost ate@ @2 oFfthd dienlngs Mapedd @@fis@l@ﬁzh@@ in thisyssitiohgcanfeanoved gxiillytwith
L-shaped catch 66 is received behind the slot 68 to thereby axially |ock

adj acent &aectapensanathar fe fisassemblsnac seprsatiparelement & fronk apadipsentsepatation
one of<th P13 out er
annul fé? fﬁgﬁ{&gt% %lrsottrh hggésugﬁ ylgHo}S?r Oﬁgﬂl %I?[ éthgdé} grcl:tggZ hgeyond t he
out er hub identitaldeckid); stfﬂ&mré Ban@husZ@n pnd)c‘:@x:ﬁélshztvmg ﬂne identica 1oakig seaturd 5O m
darmage duri a the separatj on ement 12. The ot her of the end
caps 34 illﬁl?qg“eeq@j%o |ﬂi‘1esr§’ﬁ’ P%nﬁlemﬁﬁ‘i{?des an outer annul ar recess 72.

The outer annul ar r%Pa‘-l&rr?a@wb?oc‘kﬁfgsﬁﬁ@ﬁ?éﬂﬂg;h&\bﬁnppfg@feéﬂnﬂyélﬁfwrﬂn@i e /0
of the opposite end cap 3 As shown in Figure 1, one 30 or nore of the

outer |egd, &k p|r¢]ect19ns h@ppdsm&pbt@@y GfiLﬁhamd@a@h@B afaplisdl-slapei peichrsedta
ot e acpeii 5 Blet B hestpeRial e it S e P bt T R g e
prot r usi oRgtefftost I6PR FdiPOSBarfl catcBes8. OR8 1thé ddtePlel/ JBWY SRR catch 66 is
received behind the slot 68 to thereby axially lock adjacent end caps 34 relative to one
another.
As best seen in Figure 4, one of the end caps 34 includes an outer annular
25 flange 70. The outer annular flange 70 protrudes axially outwardly from the end cap
beyond the outer hub surface 50. The flange 70 protects the permeate tube seal from
damage during handling of the separation element 12. The other of the end caps 34 in the
set shown in Figure 4 includes an outer annular recess 72. The outer annular recess 72 is for
receiving the outer annular flange 70 of the opposite end cap 34. As shown in Figure 1, one
30  or more of the outer legs of the L-shaped catches 66 on one end cap 34 may include a
protrusion 74. Similarly, the opposite outer leg of the L-shaped catches 66 on the adjacent

end cap 34 may include small recesses 76 for receiving the protrusions 74. The purpose of



the protrusion is to seat in the recess 76 when the end caps 34 are | ocked
to provide audi ble and physical feedback that the end caps 34 are in the
fully | ockweds3positti on. The outer hub surface 50 of one of pChasSerei2eaps 34
(the one on the left) having the outer annular flange 70 thereon, extends

slightly f.orwardl f_the.outernost 5 surface of .t.h i 42 The jacent
ond nap st Ro hAF iPHE FEERSTe bt 3EE ofls e LdoReq {¥raHE bR CTY
The not chard@pla}sicalfeeltik akit ehie ddivapsis4 aeen BR fofly ldikedhsitt@nt end cap 34 to
seat therein. That is, the no vi des cl earance for the ouéer hub

tch 78 pro
surface 50 of the &8 qutenhubsitace g0 gfonq of the grd caps 344 e endisdelhps 34 of
this confi j I I : r havi ng
an ond b upe e hier SERGL AR B R, et T e O RO one
end, ahd amfeodf depilds2ofThetndjdcyient azp yinchelepanetch 4R i banh of dieeslss ®3r on

the ot her .end. Adjacent_sepa i on el enent 2 e ially.aligned and
pUshed t oSN, (THETOH Saous tegraubruoce e KReP 8% egiges
the slot @Bl fAreBNITIEARS 1R RtELIPIBYidef SbALANE Ol eVREer AT iSce 50T e

cl ockwi se direction as shown in Figure 4) until the L-shaped 15 catch 66

bott ons oadja¢emt emkcapl Bt 68. In certai n enbodi nents, the protrusion 74 woul d
engage the recess 7 rovjdin n audi bl d physical indication that the
end caps are | ockegn El‘éiﬁgh 2\?3&? © 5% Ca&’ﬁgtﬁﬁgf‘ SE%%aﬁlgphsegmgpn _glr%’gﬁ *ment s,
as shogn i 9 nitisebe @hsBu@bdhBiing b endXaplordsd e&i@cl()m_ﬂtvﬁl}lam duferh@lae 3) on
the flange 44 of ribs 42 engages the channel 47 defined by the ribs 42 of

an adj aceflengant) emgne ensl, antbathendrrapi3g @i dhegype bavinsihic gutes aaniaraceass 720n

physi cal e t . 0 . i en
b acont ey o A ¥acklite RGPt ) B ATHEAY P ERAEE BB
caps 34 i that tie dues kedofrs Ltshaped daieh Gnenghgds the €loges. 7Tlhesendroapngls rétated

annul ar recess 72. In this manner, the annul ar f]ange 70 provi des added
support t &lathe to epe ARethedin Helogkise dupdicnss shawn pagus A uhtl tae Lpthanssht

{1 exipg Obalkffe biRAdbaGaMe 45 RCARCAMiR BrBHERRALS te gk, 7awaig anot her,
particularly durrng installation of the separatioh enents i n the
pressur e esgsgelthe2dcdlhi7beroviding ne hedibkednt pbksica istication uha thesghdanaps areovi ded,

it will b reciated th a sui.tabl e structure be pused to l.gck the
Fespect | viERETEEE 1Same it Wit SBaSrbdiEetimabver & Hadieng &

enl arged {RARHrIGo R LRI En FIRRE! 3)5 the HanSEUBSE i} 2NendReRdhadRihel @7d

cap. Alternatively, axially-extending fingers can be incorporated into the

end cap dpfinid tyhe eibs 42 aliampdigeenyend dapdagediown ipFiguraisito psovide auddlaapdicent
end cop. INGySE GRS, OB LRRSHIgHRen | coses o protrusions of he
anot her al ternati veThelb@sectP®Betieffidadeht Ad dabP B & iSbemblest-ifl Fidr®8/ 011441
PCT/ US02/ 21249
With the respective end caps 34 in the locked position, the annular flange 70 surrounds the
annular recess 72. In this manner, the annular flange 70 provides added support to the
connection between adjacent end caps and helps prevent flexing of the two adjacent
25  separation elements relative to one another, particularly during installation of the separation
elements in the pressure vessel 24
While two preferred locking structures 52 are provided, it will be appreciated
that any suitable structure may be used to lock the respective end caps 34. For example,
push type connectors having an enlarged tapering head can be inserted into holes on an
30 adjacent end cap. Alternatively, axially-extending fingers can be incorporated into the end
cap which deflect radially over ledges or protrusions of the adjacent end cap. The end caps

locked together when ledges or protrusions of the fingers catch behind corresponding ledges

on the adjacent end cap. Yet another alternative relies upon single or multiple sets of
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opposi ng spiral grooves and ridges to | ock the elenents together in typical
threaded fashion. It is preferred that the | ocking structure be such that

it can prwoirdela4predeterm ned mninumforce on the seal PETrusor/ere bet ween
adj acent perneate tubes 18 as will be discussed below. Preferably, the

| ocking structure. will also rm.t ,t Lin arce . S {

r esponge MBtSRE s srbals 3R PAER ) 10kinS ERp QIS il Rkl BEGRRS Bisplln,
flow of ttheprefesied thdl e Iebkihp etradrchielbe shéh thatit bad proviie asredetertiiadr al |y due
to flowinduced pressure drop within the retentate channel sheet 16 of the

separ at i omimmgreferce onsths seRhstragure;bghyesn pdjacert nerBeatapwesdy 2aVEbS nel ude an
outer O r. r l Vi k 3 i rovi des
a seal be lg\%g%f%g&%uﬁgerf %m@élty ’ @g?écg%r%gst%gtu(% ﬁv%lﬁglsgﬁe Eg%e%eﬁg%go%ﬁé&i nner
surface ofnctease iprespousetowsis Grc@hpplibktostha keBdatipneleantngs 1y theawiabflofveed

and retentate fluid st the e a t the area of th eal.. , The Oring 82
is shown® egﬁ%det#“%%ﬁfﬂé%@og‘ﬂeﬁﬁeggﬁﬂ%é%ﬁ agge n‘l‘tl“a\%iy dpe g%ﬁ%‘ﬁd?%ie t ed, °

however, féﬁaésfmé &&%P%ﬂﬁﬂ&le%%tenﬁ?eych@ﬁ&{ isHet 36 e Ble BEIUERTCIEASRECt | Ve outer
hub surfaces 50 of adjacent end caps. If the O- ring seal is provided at

the outer hub surf adeshéweeih Eigurerle therandiceps may disoiindludgeanyruges|Qrdag gfooym 15
flowng f out si.de of. the ration.element 12 rou the end ¢ t

t he outerg(ﬁg’]ﬁrg(iﬁ’i‘flﬁ%@ ﬂn%%iﬁ'[)@e @I’nggsztl?{gv e??ﬁ%alggmﬁgg Sel ??ngtesn (ée:p
and tfig PHEHE ChEcHESP M thB Ynref surflRY obfle pfR&ssthe8@ssel R4 Whé sqal 89pReeents the
appreciated that the Oring is but one of many suitable seal

conf i gur aflpwes fectlrpad vetentateahitd pass ths ond|cep atithg arga, ofdhseah sThefering 82 ig eal
from Preci,sion socicat €S, | ne. e e i i ant
feature o?homat 8 }Afgeg %rtfgcleno\? él?ﬁ ‘lglt)andap §4t (I)tp‘%l(rﬁ\(;t{/l & gk%%{tlg@r‘r% ?%’\%Z%’ %gtatﬁg db‘g;tqgéée n

t he per meah¢ ptalidsa 1 bétwaeh Aspative opRt Atk anfabef®of Aljdcent drd daps. dé the @bl e

t id | i abl | bet th te tubes 18 of adj t
separ at | oRNERkEIEVided pihpPRIPERID SUsfaFe.dert M TREnIai TR RO BRI ced
or r efqe nt ﬁB\?hnfg] i bRl R Jithe RELAREH Blehidhe] Berddu a:}ﬁe e PEHRER tehter db

General ly sealing structure conprises a s surface that 1s connected
with the pefacealresuchhecadd tlenO-rings82ietwddnethe emd capuarfdabe piessuaelwgsse dnayoorengage

Cur Tace omeRnpY pased SomI IR SErANR: st A4 TS UL RE OF PARLTgRblg e *

adj acent Qén@.‘cﬂioﬁgp%@v-% AU TRERk Jobkd sediSsuct 38 thd WRIsBal fidAePRRRIonSUr f ace

can be connected to the perneate tube, either by being an 30 integral
el ement oAssdeéatesybe.,iargpiofven alternaiivebe a second nenber, such as the inner

b ofy e S0 o586 ey AR R R RO,
certain ephodbieRigermsate lubas 1 9BLMjideat éepakion Bléhens 19pilhisaesitable/rirovide ded
to the perneate tube. The connection may also not be fixed, -10 WO
03/ 0114412 pdipblesea) betweaen the permeate tubes 18 of adjacent separation elements 12 to prevent
any contamination from the flow of feed or retentate fluid into the permeate tubel8 at the
connection.
25 Generally, the sealing structure comprises a seal surface that is connected
with the permeate tube 18 and a seal. The seal surface is adapted to engage a sealing
member and axially compress the sealing member between the seal surface of a first
separation element 12 and the seal surface of an adjacent of said separation elements 12. As
used herein, the seal surface can be connected to the permeate tube, either by being an
30 integral element of the tube itself, or can be a second member, such as the inner hub of the
end cap 34 which is directly adjacent to the permeate tube 18 and which can be connected

thereto. The connection may also be fixed in certain embodiments, such as when the inner

hub is spin or solvent welded to the permeate tube. The connection may also not be fixed,
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such as when the inner hub engages a second seal ing nenber (not shown) at
the interface between the perneate tube and the inner hub opening. One

pr ef er r edwarisangenent of the sealing structure, as shown PaTRiSgreeg9 2 and
5, the seal surface conprises first 84 and second 86 perneate tube end

surfaces. That i.,s 5.th erneat e tube, 18.exten I £ 84 and
Socond 56 SutiAsolin it bERBTEERR et AuRE hEREE ARLUBEM il de ibifice

annul ar, pefeeh @l per@bdts Whhadlant theibaashbapehipg. Each of the first 84 and
second 86 end surfaces are generally flat. At |east one of the first 84 and

second 86 end surf aé¥s rreferrediaangsmgntef the sealing sfectys. asabowBdnFIRTS ur es 2
and 5, thﬁn&ig nt'ﬂL: &La) PR o ng& ﬁxjt;‘@&{ ér{dsstecm(ﬂ)grﬁl@% rtf)ode en-&gﬁrfaéeg. ’?i%'ig,ar
groove 88 1s for receiving and retaining a sealing nenber therein.

Pr ef er &bl yhe msmsitovabei I3 exxqndoHettheen @svfirst 8Fiagdsecodd 86 lead swéicesn glinefitse B4
conprises an Oring 90. The wdth of the groove 88 is sligh smal | er
Chan t he. arbswoat B8 cahow a%@fe@m@ﬁrg pegferaply g IWHﬁéF?thqhéé%b Ot 90
wll be slﬁ'?grgwaﬁdggdma%g%ﬁg siiTh@s bREclEQAY €1a88. Al ternatively, the inside
dianeter of the Oring is slightly smaller than the inside dianeter of the

groove 88. 15 In t hifg lemahorerqf thdiirsO84 andjsesohd 86 end surfpieed nckidessarcanalapy er

the groove. Afriction.fit wll t be provided to,r in.,the Qg 90
i the or GivEeds: K& in Pt bine FEbr edCant b T sifacs i, hean
the ci@ss a80ahi 89oRS 88 RFoQebdiPiig A8d rdthinfagtt deaMSe bbEY thetth. Fefefabily, @k ude
fromthe groove 88 to engage the second end surface 86 of the adjacent

separ at i oshesveineerploded viemin Bigeregs thosealgs memperegoamtises aOrrégth Thee O ring
90 i n propek.oldi.en | Ofo <0 b A i M1 D . scope
of the pr SSURPEAROLROEN issligthlyapiis SuBELRS, S8tk pIRL G, i)

posi ti on wsdnAgr, Hlet@rinato® witltdeatight! s sehpr@sseti diito exagmpbes 88. halterastively,ahe

sui tabl e adhesive. In_this case,. the groove@%ﬁ may. be el mtn ted ang bot h
end sur f adesidegiametgpoffhe O-Hag iy Hy apallerdh PF@“&&%@E‘T 0 -ﬁﬁ%g@ow 8 90
can then : . 4 : il

ol | 71 pdt GRS 68 CPARs B bORLANE rERGRE gl ARSI VA trs e
t 0 creat e bepgividel toltetain thb ©-ghg € in the geove88. lst, the depinefl thegrobha RS ishe
cross seclion of the Oring 90. ditionally.. .while an O.ri 90 js,the
pref erred SE%‘?} Y 6% 'i?é‘?‘rﬁ’é’rc,rossi%?c"wnlq%?}lfebéﬁ’&adé)cijallggll‘iw&ge Qﬁ’i}n%g(?foal?ff’t“geeal i ng

structuregoahe ?50%058 18 %A S Es & BAPEEP SUUrDRe 36 BtheAljaRerft @8pariidn lément
non-circular section, may be used wthin the scope of” the present

i nvent i on.12SB4tile acgfroonerBLcis prafemed toretein the &-iing 99 icproler arieatationyrit wabkel seal |

such the Par4 seal .from Payrker Hannifi rati i.x- 1 obed
seal, W ucAPricBbita el rte s SRt F bt B RlobdhERaThs filmobiaghe

Tet raseal rethinedifHePepIsitRRIsingMBARY mEtheds kg Sas! for Elaggie, tikade ofar om

Par ker Hanni fin rporation, and other well known seals such as the U-cup

and V- cupuitabla adiyesiyg/ & thivepspdiv gooys 84 mey be eliminated and both end surfaces 84,
86 will be flat over the entire surface. The O-ring 90 can then be secured to one of the end

surfaces 84, 86. Alternatively, small ribs protruding from the side walls of the groove may
25  be employed to create regions where the effective groove width is smaller than the cross
section of the O-ring 90. Additionally, while an O-ring 90 is the preferred sealing member,
it will be appreciated that any suitable sealing strticture, such as for example a compression
seal or a seal with a non-circular section, may be used within the scope of the present
invention. Seals of non-circular cross-section include the four-lobed seal, such as the Par4
30 seal from Parker Hannifin Corporation, the six-lobed seal, such as the Multiseal from
Precision Associates, Inc., the Tetraseal, from Goshen Rubber Company, the Press-In-Place
seal, from Parker Hannifin Corporation, and other well known seals such as the U-cup and

V-cup.
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As shown in Figure 5, the end caps 34 are secured on the respective
pernmeate tubes 18 so as to allowthe first end surface 84 of the first
per neat e Wolwa/0184t 0 contact the second end surface 86 of PChaSszenY
perneate tube. In this arrangenent, a fluid tight seal between the inner

hub 36 and the outer, surface..of t er,nea u i b b hus,
5 the inner hub 36 éﬁﬁ e g’g@gl"r&fﬁbep e {1?4e%regg?#gdcééft&??%ﬁ?g&ggrpﬁeﬂg?ggtube
in any nafmes 18 sd AClollbWahe fifst efX afice 8a of tHedirbigiahedte tubellB tb bentbict¢hof
adhesi ves, by spin welding or by solvent welding. |Indeed, an%it nner of

il

connect i néecohd endhsrstach §6 oBthersscandepapgie ibe. (i hes argnggmen; ¢ tghtesedt ope of

t he prese j t.1 0N i i 1 iPM . C 34
may be se{c;%twgge{ g‘lgrlecf{ﬂ Pyé\?é%ﬂg{eeo\rﬁ% 8@%@@%{;}3&% or 8;[18tntB ﬁcer&%%{)erf&slo I n
t he pria}‘ eﬂfeﬁd%efimibbfd'ﬁ Eim’ytbe debiired nelthe apter @ facarof thepetmeate yubeon aednfnmen a

mat eri al capable o ei ng spi.n ed. or solvent we] ded to. the perneat
tube or tHE udyag iﬁ?fa&xémplfﬁ%%“&%a\iﬁﬁﬁ@’, th&é“s adﬁﬁﬁl‘(% frt e Oxﬁké}f ﬁYeé’I?s
may i ncl u%ldi@%pc}e%@%rp%rgsu%# bf R A!RORNSI HILERAD (R pdfikaRitey 18 ger mal

plastic for e one PVC “or the like. Further suitable
mat er i al s wihir the secdpedé thepresanemvestan. okltarmasively, in thiscambiodimars, the lend eap 34

conmpounds such as urethanes or oxjes. In order,to perfect the seal of the
type descPfiy eafs‘e}%‘{&?%Zﬁﬂﬁﬁ’ﬁ@&f@ei‘?a{){ssek‘?%m&?e 3%}%]éicent separ ati on

elemepgs 12, two el BRI feféde@éRbORBN) &R - endpd 17, Sfe @idrilysfothac ol of the
perneate tube 18 of the first separation elenment 12 conprises the generally

flat surf awteriahcapableiofgeingspiprvelded assolveat welded Tthidie pernesée wbe psthg| i ght | y

conpressed and, 20 ac in th # . fil . S nd separation
el enents PFIEFAE! Y‘%@&%ﬁlgaj aﬁcsskﬁﬂgé)%fe%@n%?cﬁéﬂ-ggrﬁ%%]ﬁ}%&é@ﬂﬁ%g%gs pective end
caps al i gadr@onitrilewutddeonkaejtbnty os iyicther eintal L faaxexadplecpolnifoabBVE  The
Oring 90 is axial Iré@;:orr.gl&?iassed between the respective first 84 and second

86 end supf thedikeofurther suitable paterialg Mall inphude ang thermeset OE KFergad {5aGHeRr e 52
secur t . | .thereby the adjacent separation
el erre'rf\fs ﬁld@gg&%%ﬁg%%{%ﬁ%%%@%ége%%%i dinthe feed or retentate
streans from ent eri hgotdeetoprtfeeithe s¢albétht8yaet destribe jbome bétwecipermesate

adj acent separation el enents, 12, By properly positioning the_en aps 34
on the peft#hsad e of E‘_iié%eniﬂf?pa‘é?“ﬁ?ékfé‘i%?sg]i%’ng‘ﬁo S%P]&Ptsfléraﬁ%ogglﬂe(ge'r% ﬁ@ﬁﬁ‘ﬁgn t he
O ring 90 sﬁﬂace@4%‘f*t?e§$é;1‘glgﬁtg%§% RS thOBENEGArAdh dknt PLENBBERS Eﬁ%ﬁzﬂaﬁy 30

In an alternate pre diment, as shown in Figures 1, 3 and 4, the
i nner hub flehsiirface hadbavigsthergrodve S8rtbierearp STIBAOping Alde skighilysweaipressed anse.  As

d Lped ab ,.. the i hub f 30 th d 4
gener 301y bR Tithe ean BSOS St R sCHoh SFRFE P ol VAR E L BT el e
cap 34 prehehahhdt dubictHAcdS résptéipRVRd dpd Aignte aROW itidlockidg ¥iEh@dedd ddett as

PCT/ US02/ 21249
described above.

The O-ring 90 is axially compressed between the respective first 84 and

second 86 end surfaces of adjacent permeate tubes 18. The locking structure 52 secures the

25  adjacent end caps 34 and thereby the adjacent separation elements 12. The O-ring 90
prevents any fluid in the feed or retentate streams from entering the permeate tube 18 at the
junction between adjacent separation elements 12. By properly positioning the end caps 34
on the permeate tubes 18, a predetermined axial force can be placed on the O-ring 90 to
provide a proper seal between adjacent permeate tubes 18.

30 In an alternate preferred embodiment, as shown in Figures 1, 3 and 4, the
inner hub end surfaces 38 on the end caps 34 provide the seal surface. As described above,
the inner hub end surfaces 30 on the end caps 34 are generally flat surfaces. One of the

inner hub end surfaces 38 on one end cap 34 preferably includes a groove 92 for receiving
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an Oring 94. Wen this arrangenment is used, a fluid tight seal nust be
perfected between the inner hub 36 and the outer surface of the perneate
tube 18. Wwobrog/ospeci fically, the annular opening 40 of thecrnrser2iyb 36
must be connected with and sealed to the outer surface of the perneate
tube 18. This il W,did . Al d Q5Sa I ow of
feed or re e(% fzﬁ#elél 4f l%%gfa&fﬁagﬁ&?ﬂg?%%éﬁ%é]ﬁﬁlgﬁgg{ %er%%ﬂ'}l %é)% u'g%?tgggﬁt?vaefglé of

t he per nah¢ snttilnd IBandlthe opteefiaface df thetpendeadd tupern Bedaragpdcificallfy) thed ti ght

arrangenment is to spi | d the inner hub 36 to the r te tube 18. To
faci| 1t at EORHRAEORegHIEAY piche oRERURH St e&ﬁ@ﬂ?%ﬁlwg‘lég‘fﬁg&%ﬂﬂﬂéﬁro T 36
maybe tap Ll : sl | i i ction
bet ween tﬁsgﬁlg %enééﬁgﬁtgﬁ%%{eaﬂrﬁé E%ﬁ%g?g@%ggg%gﬁgﬂﬁstﬁ?é}sﬁé& ce(\)’glgmg‘f53 t he
10 pr esentflaivnotfeed oncetdyatodyiddfetwsearthé et b 3 haret thh obteBsurfamy b€theol vent

Lsed. - Fur tisdrestBBbE Ry Thigedmeabrehod shberbymg i B f Rt lR Yo Ay
seal i ng NMBE Ehe18hIRB J6NE thdehett Bubdtl 82Nt fabifitatdRis@ahEctiodPBe hauldny

sui tabl e sealing nethod may thus be used to provide a seal between the

i nner hub @eniagdOtwf éhejaperdwbe 6rasebelgpered, Addisivaslanctheds of provadisg ke Bpdi s
preferred etain t rkn I i.entat i ol i b

appr eci at e&(g%f h%%n%é&qrhékgw%nemg %3%21 h%l?%?%rgdjﬁnélg gt% tt‘?rlni“‘n@gteér%r ? i%trl?,l i tthﬁlleSMspee a(ﬁiﬂ}leg
menber 0Ny preseheinaémig. BY wapoixan@td, thedfndidiub G 6ahdehewlentietlded so theuch as
for exanple the wuse of a suitable adhesive. In this_case, the groove 92
may be el in¢imeateibandliseiativaly; seieble adhesives maydeaisad.sBythes castlyg igpeymaghler | ot

over the i . i . : of the
Phner b SeLE; RS AcR ol B sotnb AN Behieaf hARAYIRD Jond e
pref err ed mreatitagibedBb &y suitable kéaling nagpiprdmaythed bt lnsdd tampyowds 4 sdal betseah i ng
menber, su h,as]é]%]fgﬁ{ ;ﬁ%gpl e a congrfgsi on seal, may be used within the
scope of tHeIHF 6 RPPEFAq OS ¢er to perfect the seal of the type
descrijge above bet WeghRREIFRIE, olodbES? ﬂsﬁareffene@lm%%ﬁ th%@-%ifn?bu% pfdéo%frent S
12, two elenents 12 are obtained.” The inner hub 25 end surtaces 38 of end
caps 34 oformdjatiorrit wilktbaapireaated tahwithin the sgope of thenresgatiaveantion, thesealing
surfaces. One, of tge itnne(g. hub end .ﬁurfaceslt38 ti ncl.udes tﬂe g{roove %ﬁh
t hereon. TRENRFWY.Bpeetamedindrapet pPsion ISt Alteraats methedls Wep aply &Xemplsdhe g ¢+
provi de t hebf bigitdbldihe 08 NRLhisUase, BRE 86 I8 £ BE climBfitedbnaBdtt 4 acent
pernmeate tubes 18. Preferably, the end caps 34 are s]ﬁ)lg wel ded to the

Y

respect i venprstivk snésurfases 38 witf he flgg oven thegatiressusfopghThe OdingMecsndtienbri
pl ace?OBO | nlléf%%@ FO (%{eoocf\fﬁe %FZ]IEI' I-II;.H)eG fdl s%ﬁg%e%{}ge%%ﬁ%%aﬁﬁ%ﬁt O@-ﬂ%'g%ig 8 12 are

.SE€C
pl aced "adj"5¢ one ~ anot hér suc respective end cap ignto

al | ow t he grefeked geatibp nadnbie, it wiltbagiprésatedacanyositablo oydting thenssrdsuchps 34
are secured on the respective perneate tubes 18 so as to allow the inner
hub end sUPf geEriga gpmpression peal, ragybeussd 3athinythe seaneaf thegressahventign- end - 13

WO 03/011441 PCT/ US%/O%&&Q’gperfect the seal of the type describe above between permeate

tubes 18 of adjacent separation elements 12, two elements 12 are obtained. The inner hub

25  end surfaces 38 of end caps 34 of adjacent separation elements comprise the generally flat
surfaces. One of the inner hub end surfaces 38 includes the groove 92 thereon. The end
caps 34 are secured on the respective permeate tubes 18 to provide the fluid tight connection
between the end caps 34 and the permeate tubes 18. Preferably, the end caps 34 are spin
welded to the respective permeate tube 18. The O-ring 94 is slightly compressed and placed

30 inthe groove 92. The first and second separation elements 12 are placed adjacent one
another such that the respective end caps 34 align to allow the locking structure to coact as
described above. The end caps 34 are secured on the respective permeate tubes 18 so as to

allow the inner hub end surface 38 of the first end cap 34 to contact the inner hub end
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surface 38 of the end cap 34 to contact the inner hub end surface 38 of the
end cap 34, as best seen in Figure 1. The Oring 94 is axially conpressed
bet ween tWwe o3fonenl hub end surface 38 of the first end capC3asanmei2the i nner
hub end surface 38 of the second adjacent end cap 34. The 5 | ocking
structure ' 4 ' t
separati on e?%%e%#{fgﬁelé{}ﬁ%ggﬁ? %géta‘g[;{g%%?@@h%o%@{k ﬂgﬁﬁ?ﬁ%&e{i’%’%& gﬁ%@%}a%g 35;4 on

t he perneadte seetbieFidfie 1a predeterm ned axial force can be placed on the

Oring 94 to provide_a proper .seal.  between dj acent .inner_h d f
AR IR A TR IR s ey PR R T
surfaces 38 PO W3R dnlhd nHbCdy &htsyﬁg%@ﬁf e Zéé?hwﬁﬁcén@ end &upers. etes 36

and 10 perneate tubes 18 prevents any eedor retentate
streans f darkirgdteciune 52 kecurgseharedjseent erskcaps 3dand thergbyribe adjacebtseperation

dj t ] . ts 12. By. iding th bet t he i
hub end. s GRS 23 CA.GNCPIEREE PRioBinElF SRERPS 4 S5hs POCRI IS 42,
certain agdysfiagardakmil aﬁ&@baﬁﬂ% plided o thé benﬁm ®ARGViAE a pedser Bl Besiekh oned

on the perneate tubes in such a manner that the end surfaces 84, 86 of 15
adj acent pdianedtimner bl snd surfases I ddecombinatian of Be-sinsOhspalingadingent inpgs

i nner hub.,epd ,surfac .V } i e the
seal i ng N&HESPQ S‘Eﬁ?ﬁ? ?§ ar%g ﬁ&; 181&%(1?21}1@%%1:% g?r aet% #{;)41 0 e%@%h&ﬁ# 62%@; ace 86
rel atige tperrhdute ubeki presbdts aiyflaidIR teeed®isretedsfie stegatdsifoomh entbtingvblel be

appreci ated that seali ng}prrean,s descri bed herein ny be usef in 20
combi nat i eGSR 48 #heiwrction beprrep agigesni senaEstiongemeES {he integrity of

the module. The nmo ﬁ‘géﬁlr%{c‘ﬁg sée{l]%le%@ﬁ tl?cgnﬁér%%%d Istiesiet 38 8f §B4

general |y indicated at e Interface adapter IS connected outer end
cap 34 of .ofhéjacett e¢papation ddapartsail, cartah adeattagh® arepbtdinredyritiss theendesapeB424 as

best seen in Figuyre 1. The interface L adagpter 96 is _to provide
fluid-ti gW?%aPSIB@%%E? Hmﬁ@g?sénﬁﬁﬁg%@i%n%ﬁﬁﬂée i tacgs 6% 86 96 some
e”bodllgentaiaﬁkaﬁ P'eﬁﬁéatéﬁ%@ég A Raf ©"E8RHast did dnbtHeh SSRAEIHE MnkEREAnd24 and a

per neat e terface tu . Thi's connection pernmts perneate to exit, and
in cert ai rsufades 38 mpeontide a bmgersutthee gr which telogatedked sealinginember. Haelbmithey

contam nated. from f.eed.qr retentate fluid in he i,nterior 0 he ure
Vessel b4 sxphere s 9t Mo P HEed st Lo I TebBhELh e oG 1SN
t he 30 conditgalr ati ons as set forth above and as shown for exanple in
Figures 1-4. The end cap 34, includes the |ocking structure 52 as,

previ ously descri bedt WﬂEbe aprreciatpd Hhet pepling meany describedhergia ik esefl it er f ace
t ube . The.per. £ 1nter f . ' : 6 does
ot hade aNyREPEE NiffhBRPbRER GbTs il by MR BAE dURERBIE
above. The -14 WO 03f2hihddile PCIIsb/nPidR3 84 8lement interface adapter, generally

indicated at 96. The interface adapter 96 is connected outer end cap 34 of the outermost

separation element 12 in the pressure vessel 24 as best seen in Figure 1. The interface
adapter 96 is to provide a fluid-tight seal between the permeate tubes 18 of the first and in
25  some embodiments the last separation elements 12 in the pressure vessel 24 and a permeate
interface tube 98. This connection permits permeate to exit, and in certain embodiments
enter the pressure vessel 24 without becoming contaminated from feed or retentate fluid in
the interior of the pressure vessel 24.
The interface adapter 96 comprises an end cap 34 taking any of the
30 configurations as set forth above and as shown for example in Figures 1-4. The end cap 34
includes the locking structure 52 as previously described. The end cap 34 is connected to a
permeate interface tube 98. The permeate interface tube 98 of the interface adapter 96 does

not have any holes therethrough as do the permeate tubes 18 described above. The
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perneate interface tube 98 further does not have any | eaves 14 connected
thereto. The perneate interface tube 98 is connected to the inner hub 36
of the emdogapli4m any manner as set forth above for conn@ctiusg2/ire9
perneate tube 18 with the inner hub 36. In one preferred enbodi nent, as

" i n Ei : : .
SUi tabl o feErgfte fucifale AR SR Aol deEhbARRe afy D8, HEcdieGOTRBRIGOTAE B
by spi n weletineate irdgr&ice, tulsr@B @ someicteldao the iahenhab kot thenenalrcap dbaB6mamyer ae

tapered to acilitate the spin weldin rocess. . The inpner _hub end surface
38" 5 pr o EH RAOPYEIOr TP T M oHUBH G e ST B0 S AadEe an O 11 ng 04
contained in a groovg o3é pRiferdél dibEEmBMDa LI walh FasRe BEheberbartdhRERBE €end
cap 34. The end caps 34 are then | ocked in the nmanner set™ 10 forth above.

In thi§ nenbedS istdeandied ing sitate flwekieht manperdwith nngnhulf 3G eithe ard capsisar at i on

element 12 _and the.end,ca 4 .of the i face adapter is_ held i,n axial
conpr essi osﬁgh %‘g%smb?v&efﬁﬁésggmﬁ %’idcf‘StSthgﬂﬁfllag b, ﬁ’c?r}g'ﬁ f&uhéﬁﬁé ﬂaettﬁ%er Cﬁ‘l’meat e
tube 18 offatifitatd @espinapadiakipditesss! arRAinet AuBBAd bilitacB 8B IR@eferivly Abf. anR t ube
98. Wiile the inner hub end surface 38 of the end cap 34 of the interface

adapt er  IBngdubsnd Rerfecet3s avaagds an Qviag 9t wentained irea gipove 82 on ik ingier hulpe
ot ed .t hio ! |
et eon f ondsUthec Y G di0Flcelt 6h R 34 Sth BEFCAIRY4 AR WEKUER B AR | o

i nner 1oub fefth abowe, daehis hadherd e Giling ©d hetvastd thagnd3ehpGi dftiies Iastapaahtican
elenent 12 be flat. Further, while as shown in_F}%g(gre 1, the seal |

per f ect ed BEnsds and dagndiGap §4iof therinterfgeepranten i hedd 1 axgal spmpEgssieRn I isnd
caps 34, i i . i et ween
oneof 1 nd ey PRIBH BINRERpHRlech R SmBaR A R e
surface 1GdeménttlBangchameameate mtenficedebe Ube 98. This is acconplished by
providing a groove ..one of the end surfac 84, 86 gf .the perneate, tube
18 or on the end syr%&lgﬂﬁénerg?"gteﬁés i?cl‘?eo’ t‘g%i‘%‘?r@rqaaég Otfﬁ}lfem _.ac‘c"l'ﬁ(%pgeéal
is thes paydigch&h tdbd 8 RBNMABen@R siifhcd, ANl beaRpNRiatddrth TR itieh GuR el
directly between the end surfaces 84, 86 of perneate tubes 18 of 25

adj acent swpacamay alse fimchedet ssgrogve theysen feraeeciving lisc®@omg dn gesher edse.yit is

€210 At TIE RESTGRS SIS HY L0 S s g

i ncl udes aldrhéfti2theflak aFuBias! white kGhowh e Fidues1, thelkdal Rrpesfected betwked has an
inner dianeter that closely matches the outer dianeter of the perneate

i nt er f ace Tespsetigginnerfrbzmd;spfages 3§ of adiacert endeansiditsit will o papreciated ity thep4

i ncl udgs l.ar { Vi i ing 108
o ovt 285 MR HerBCORU et HERRI YieliBefh, o dtihehfifie it 18 &40 1O°
secti on 1GHe amdisurfaee 000 of thepefmexe witerface tyberafe dls is at@mimched byopro9tiling o
this manner, -15 WO 03/041419544 PCT/ USO%/21249 f eed gr retentate fl U{% is
prevent ed SPYA Ihensqfihe ¢ “ﬁé?‘??e% 86 phthemeyueate ivs 1§ 9r gp theagng surface 10

of the permeate interface tube 98. The seal is then perfected in the manner as set forth
above for providing a seal directly between the end surfaces 84, 86 of permeate tubes 18 of
25  adjacent separation elements 12.
A permeate connector is generally indicated at 102. The permeate connector
102 extends through the permeate opening or port 32 in the end plate 26. The permeate
connector 102 includes a first tubular section 104. The first tubular section 104 has an inner
diameter that closely matches the outer diameter of the permeate interface tube 98. The
30  inner surface of the first tubular section 104 includes an annular groove 106 for receiving an
O-ring 108. The O-ring 108 provides a fluid tight seal between the inner surface of the first

tubular section 104 and the outer surface of the permeate interface tube 98. In this manner,
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connection. The perneate connector 102 further includes a second tubul ar
section 110. The second tubular section 110 is integral wth the first

t ubul ar swotsom4i04 and has a 5 relatively small er di anet ecTitusaz2izhe fir st
tubul ar section 104. A wall 112 connects the first 104 and second 110

tubul ar segtd %ten%@ﬂﬁﬁqgﬁgvgﬂgfgt@%l eZige?ﬁ‘n'?clﬂe é%%g%ﬁﬁt@%ﬁet b OH@ L thite

pernmeate opening 32 1n the en he tu ar section 110
further inonoetiona threaded opening 114. The threaded opening 114 is for

receiving a threade ipe tqQ carr rnmeat e out of e. pressure vessel
2. 10 An end cap. s4BrEeERENe Giieln (APl Bflett second bR MBS H0Bd 18 <

pr ef er abl yTheugeshdathibilat 8ol s10%%s ihtBeral Rk A9t tubhidl sdcBion § BLadd hata €nd cap
34 on the first elenent 12 includesS a perneate interface tube 98 extendi ng

t her ef Pomrelafively mallerstianaefar tham theAfirsiiubiar sectien 1@4. efvavall §12cdonnkets thadirghown

in Figure inel .interfac X i.n therefrom

When only 1(J)O #eﬁ%g‘%ﬁg l?ﬁ‘?@@%‘%@%‘s?&? Qﬁcﬁ:g& ﬁ%ﬁ?z%ﬁwﬁﬁ?gﬁgggs t?‘ﬁ%lél ®the
first 15 gremestobpShoysR in the bidplatectd. i THeGeondaubEat Rci@NNECfuetherlidelutifipd i S
fitted wwth a_treaded pl u&haor pi pe at. the opening 114. The second end is

as shown ithrepsicshenening Tt by ihresred wparing Al 4 wier raseivinedtheaaded pipe e eare t o
flow throuLFgu élﬂ%ﬁiﬁ:%‘(ﬁ??%iwé-s%%%sgi %Apcti on of the arrows in Figure 1. The
flo t e

per neat e roug per nea ube 18 in the direction of the arrow
in Filfure 1. As theAd eeticaprid afehetypahevipg g fennhtdte intérfwce wghe a8hie prafeiably 10,

the concentratj.on of, 20 inpurities_concentrates . in the stream Thu a

rel ati vel )}158@?1'1:@21? f"%(jtség ﬂ?%@ﬁi‘@ﬁt@' gﬁi‘tﬂ% tﬂ‘ﬁérs.t ﬁ%ﬁﬁpéﬁ@ %’P ﬁgsﬁg]egheat i%posi te
to that hayiigestadRrhefe iRBeMGhR extéhdhty dhedchoRRATHHEBAL SnPLag?s £GERRES, |1
may be desirable to carry out further separation on the retentate. In such

a case, t Hestelment mchidexias shgvi indFiga | iecli@escaperineate datefategube 9B ettendimed
tube 30 of, an.adj agent dul e .. An such ase, it al be 25
desi rabl e tP%rGIgBIHJn entoﬂgp??@rlﬂ%(ﬁ&eel(# e de 8186%(’ Rerpgate gﬁ%‘f%c&s?@??cﬁ% saists. To
accombi shendf ibitShowhas gi3ertéd iﬁ’éﬁ}g@%ﬁwﬁﬁe chiifectdr®b e K HieddRith a kidgddddfug

e

retentate openi n%ze. Each end of out ernost separation element 12 will
cont ai n a P&t tle aneningfldde Thabecond ead irrschedn i Figuee 1.pEhispaergeosnhect or

102. On f ' J ill b
connect ed AlbA i BATER G1GRRERASL Prdhlh B 108 14 I TRECS b tha tors &
sui tabl e FHigare30 Thepeantaelflows thicughithe petatbateatbé 1in thé dire@iomadhegrodimr e

to be used, the endgozé connector 102 pay b%ggl ugged as descri bed above.
In this cdigirededvehe feediang retensaie pass fyrtherithrough fiednodde hBdhe eancepirationalm

ore <20, HfuNRSHEARLIPGY AR 31843 e Ushchon LB © 10
One end capodde bd atttheedd opposiepahaitliavingghe feed opdifing 88.

In certain embodiments or processes, it may be desirable to carry out further
separation on the retentate. In such a case, the retentate exiting the modulel0 can be
directed to the feed tube 30 of an adjacent module 10. In such a case, it may also be

25  desirable to connect the permeate tubes of the first and second modules. To accomplish
this, the end plates 26 of the first module both include retentate openings. Each end of the
outermost separation element 12 will contain a permeate interface tube 98 connected with a
permeate connector 102. One of the permeate connectors 102 of the first module 10 will be
connected with the permeate connector of the next adjacent module 10 by a suitable pipe

30  connected to the threaded opening. If two modules 10 are to be used, the endmost

connector 102 may be plugged as described above. In this case, permeate will flow out of

the connected modules only from one end.
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connected to another end cap 34 having a perneate interface tube 98. This
assenbly is then slid into the opening 25 of the pressure vessel 24 until
the firstweaparati on el enent 12 is 5 sufficiently support edTiusor/be4pr essure
vessel 24. A second separation elenent is then secured to the first

separation el enent , he rotati e s nd L el t 12
relative to the fi riIt% cge%tgﬁcégisg%ieerﬁ‘lga}g%ElB,lazpr% gﬁ?‘éer%geg?{/ﬂ%léﬁg %’e‘réﬁglﬁgi bl e or
physi cal fsegaftimkelérBent12QY bisteEed OOhB dhd 8dpe34 b¥thé Gifdp egiatatidn@haneaps i34 are
| ocked together. This_ |ocking also perfects a seal hetween adjacen

perneat e Capesteddo anvther edsan$¢ hpying e mermende intrface fHe Yoaslhis W@@g&ﬁf #€Ron
el ement hafq Sﬂlegdpg 25 RRGR (s 94 Uil A€ ARURTIHIR ARG 133 TheD.

an end cap EQVIH nothér perneate 1 nterference s secured on the
end cap 34ufficidnilg supmstedse firrmedsore vekeh2ht Als2conhepantopelamentdbtieavi ng t he

per neat e connect o 02 di sposed in e perneate port 32 is then attached
to the pr&SSty to\ié%ééﬁt Sepgrationy %lﬂlbyktﬁswwwmsmon H%PaF‘?tF’é‘tel?lﬁ%ﬁgr

section 1Q4i.0fe {ohRe RRE SGALRIRUMUIRGE 05, BRferkSly ALifRPERALIRRP if%%sti&@ fRUb&K 145

surface of the perneate interface tube 98 and the O-ring . provi des a
seal bet wpeoviddietsandicaserfmrespestivetndt daps 84 arstloeked togethdne Thisdedking alse openi ng

114 is fitt wth treaded plug an r tate tube is . con ed to the
ot ent at e BSERF haes Betveph anec i B et 1% S hboki i reryfE B e fas
threadgd tsgpdritonaPsém had Bdendilsted ih BRGPERIAE 23Qfiife HORORGIQSE Y. TThen, faged
opening 28. 20 Wth the connection between adjacent elenents 12 and with

t he el emrernd cimbaiigawilen pprasatomtertatence tubetfi8ss aequrrskon the god eapr ¥ ¢itbee seal

can be proyi bt o) cti e er,af i .
ecded to MkkE efn sbfneaRTr ot} End el AR EE Rt R MRS 1P o pein
conpr essi @lie gérmickie pdAB2Ss MHentaitecHed ek iHrgredstiteGleseb 25 th fhe aalld Rfovin maBfier.
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WO 03/ 0114481 PCT/ US02/ 21249 CLAIMS: 1. A separation elenent conprising: a

peregf e Feparet | ohygi dehhALAYeRBAIERLS LURUIFL A Ve g
per meat e; interface adapter 96 made in this manner, a more reliable seal can be provided at the
permeate tube connections. The number of seals needed to make the connection is also
reduced. Further, the axial compression of the seals by the locking structure 52 provides a
more reliable sealing arrangement. Finally, axial compression of the seal is enhanced by the
25  naturally-occurring force arising from flow-induced pressure drop with in the retentate
channel sheet 16.

The disclosed embodiments are representative of presently preferred forms
of the invention, but are intended to be illustrative rather than definitive thereof. Obviously,
many modifications and variations of the present invention are possible in light of the above

30 teachings. Itis, therefore, to be understood that within the scope of the appended claims,

the invention may be practiced otherwise than specifically described.
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5 a perneate tube extending along an axis between first and second ends and
in fluid comunication with said perneate channel; a retentate channel on
a second wodeg/of44sai d per neabl e separation body; a seal swcfrasezeaanect ed
to said perneate tube and adapted to axially conpress a sealing nenber
bet ween S%L%I | surface and a seal surface of an adjacently positioned
10 separation el'ement. 2. The separation elenent as set forth in claiml
wherein sgid seal surface conprises an end surface of said perneate tube.
3. A sepaaati on* SHPETRERR e%@e@g?orpmq%g.i n claim2 wherein said end surface
conprises an  anuababls QPumtidH dBEPdetiRhg & BeRdcatd thadidl ik Bhid ddhigurAcatidal | ng
menber. 15 4. A'separati on elenent as set forth in claim3.conprising an
O ring seatithf afirspside efremid separativaibady fonsallegingmeanc®e; A separation el ement

f h i | ai wh ' id | ' :
Sealind surf acd BUREREHOARGITR Pe iR ARl R AR AR el BUEC

of the peofBaintcatioh&ithdsaldl gar@eite chatind];f | ow bet ween sai d annul ar sealing
surface and said perneate 20 tube. 6. A separatiqn el err,eng) as set forth in
claim 5 wher ei i 18&n@teghaonelongessrondsids oisaikpermarhle seperation oAYH ar gr oove
therein for receiy [Wa). I i | ement
as set forth i ﬁdeslg%ﬁasﬁl%age é(%ﬁrrl%%tlg% %ﬁ%aﬁéﬁe??%ﬂg@ﬁgd? %tFZ'd Eﬁ%@%ﬁ?ﬁﬂr?ﬁ agai d
annul ar grseqlitg m@&bb& befweapaidaichlonrfateareind seabsisface Hbat &rdjacentdy positidneldur t her
conprising first and second end caps disposed respectively about said
first And Separetide’lfentends of said perneate tube and having sai d perneabl e

body there bet Vﬁfae;égli)a}%&l ﬁﬁﬂeﬁ:@a@%eﬂ Bfth 'i‘[gi:l'aﬂr(lj q \Mfé?é’ﬁé 98d $édl ?&?&Ue%onfpﬁ@éseﬁﬁ

adapted to rel eas y engage with corresponding end cap of an adjacently
posi t i onecdknd epdaEtdfenidgleameate fTub80 9. A separation elenent as set forth in
claim8 erein each of said fir nd sai econd. end, caps each.define an
i nner hub “havi riySER4HoR ?Iﬁ%a%ﬁ%tf gxaciagm bl %‘fg}dd W%ce éﬁ}?rhslegan an
outer hub @agh$¥6dRGEa tédifdirbé&%i&%'ﬁn&idtdiﬁih hecslingRneaberon sai d outer hub
end surface. -18 WD 03/011441 PCT/ US02/ 21249 10. A seBar_atl on el enent as

set fdfth4.n clhbenagatigneslement ased ferthiincam 3 pempraingapDeing sopl for placemen
ext endi ng .bet. cen aﬁaio% iGnner hub and said outer hub. 11. A separation
el enent ad"§ PR K90 ¢l ai m 10 wherein said | ocki ng structure conprises

a plurality of Dsgjaefion@lEnénds s famt aclldm Divbpeaechidiralisurfat domptigs ahub,
said annular sealing surface secured about the outer circumference and adjacent an end of the
permeate tube to prevent fluid flow between said annular sealing surface and said permeate

20  tube.

6. A separation element as set forth in claim 5 wherein said annular sealing surface
includes an annular groove therein for receiving a retaining a sealing member.

7. A separation element as set forth in claim 6 comprising an O-ring seal for placement
in said annular groove.

25 8. A separation element as set forth in claim 1 further comprising first and second end
caps disposed respectively about said first and said second ends of said permeate tube and
having said permeable body there between, said end caps including a locking structure
thereon adapted to releasably engage with corresponding end cap of an adjacently
positioned separation element.

30 9. A separation element as set forth in claim 8 wherein each of said first and said
second end caps each define an inner hub having an inner hub end surface, and an outer hub
defining an outer hub end surface, said locking structure disposed on said outer hub end
surface.
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5 projections of said outer hub adapted to rel easably engage with
correspondi ng receptacles of an outer hub of an adjacently positioned
separati owoaBemamt in order to connect said separation elPemarsp2/ai2uh

adj acent separation elenent and to axially conpress a sealing nenber there

bet ween. 48 AA? r?egﬁtra?ltoh %féngétn? Egi%& Fcﬁ‘?h i?l%ﬁaitﬁucg &Jﬁ%{le{ﬁosﬁ Sl c%ﬂrsr fnbtai8 %"plurélitg aid

i ncludinga pro s1on on east one ‘sa cking structurean
ribs for efigdgestgnding beteesn edid nmer bib sal hid etki ndp. structure and said ribs
to provide_feedback to i cture is_ secured.

di saj d | ockj .
13. A sepatat i oﬁ*nseé’la’é%’@}%te?eéée%géstesetf gﬁ’%}ﬁ%%:l?l@i &C‘ﬁ%‘%ﬂ%‘hﬁ?ﬂ“’%’ftﬂmﬁﬁer hub is
spin wel d%sléﬁoﬁses 1GraREy %‘Fé;ﬁ%)%ﬁtti&%%nﬁ? &gﬁ¥ﬁ§His?&ééh%&ﬁt%\{d%‘%%% ¢l d i nner

hub and sal d” perneate t'ube. sep%r tion el ement as set .fort’h inclaim
1 wher 8i n psajections ofresi betes bypaadapiedrio bdeasablyBngagepritls exrespepiingiecepiasies of
menbrane. 15. An end cap for. a separation.elenent .conprising. ., an inner hub
o i ng" 4 oA BRS AteS Bfaclly PadBbReraaieh SREEGERIRR I tolfiea il ' nib
surface; aepdraticd dliéeRfwitl RFaRit RPsHianen BRMMBEMAI8Iatiall) deMpARda Saulidgout er
hubs; 20 a groove on said inner hub end surface adapted to receive and
retain a sesmbendhererbeiigent herein. 16. An end cap as set forth in claim 15

conpri si ng,an ring.s i far .. .plAac . 1inaSal @Eﬂ e 7. An
end cap agzs et % %?pfl%tlloﬁ%!: ng%%g%%?g%ﬂ%ﬁicé%lﬁgﬂa o%lln%l{gld@ raﬂ:)(]:f ur g&ld?ns%tos ed on
sai d 185 oeHsesnduall BukihgGructtri Adlsaidkibadorsdngaging heedescononeef saiddookiagi ty of
projections and receptacles dis oged about said outer hub, said

pr oj ect i onguepressdaih rksto prayiderepdtagk tondiatethatisaid logking shanchp ivsespiedi ng
recept acl of i et : rgby
Comnbct sar s bR HiEh iRl AR SR AR ¢ FRALA LA APl il vl
axi al ly caeidpreessatatubead preyentiidié flowietvedsat salkinner3fib B8d s#d pemeatafpbas set
forth in claim15 further including a perneate interface tuybe extending
t her ef r omecurlesenarptionlement s %?0%%@?1 ]gwg‘éﬁeﬁl qaﬁ{\%ﬁm‘ﬁ ese )%%%ody
03/01§§41 clgggﬁg@q% 26 9und QenPingnd cap as set forth in claim17 further
:

including a protrusion on one of said |locking structure or said ribs
adapt ed t d5engayeeml cprives pepaditiog ehemtenh ceropyisiogti de f eedback that said

compr i o1 ng: 5. dopeisheib 84fe B ARG an ax s betveen a first and
second end; at Jnheagdr HaBdehifiak afQaReBlESurtResal d perneate tube and spirally
wound about said perneate
a plurality of ribs extending between said inner and said outer hubs;
20 a groove on said inner hub end surface adapted to receive and retain a sealing
member therein.
16.  Anend cap as set forth in claim 15 comprising an O-ring sealing member for
placement in said groove.
17.  Anend cap as set forth in claim 15 comprising a locking structure disposed on said
25  outer hub surface, said locking structure including a plurality of projections and receptacles
disposed about said outer hub, said projections of said outer hub adapted to releasably
engage corresponding receptacles of an outer hub on an adjacent separation element to
thereby connect said separation element with adjacent separation element and to axially
compress a sealing member therebetween.

30 18.  Anend cap as set forth in claim 15 further including a permeate interface tube

extending therefrom secured in a fluid tight manner to said inner hub.
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tube; first and second end caps di sposed on each of said first and said
second ends of said perneate tube and having said | eaf disposed

t her ebet viworo3/osaied first and said second end 10 caps eaclrChasongi2zan i nner
hub and an outer hub, said inner hub and said outer hub interconnected by

a plural iy of i di%icefal 8 b AGiSHEHCE HEdi ARRIRY GRoAalich ENGh ARG OF
securing the end Caps* of a Jaceﬁi separ ati on el NS e I nprovenent
conpri si nipckan strubiurssdr saibkisseqdapted kalehigage a cofredpbiiding horkhdo paivitlesfeadbadk end
cap incl ug{n g qrcgcess, said 15 protrusion and recess adapted to engage
correspon aﬁgm {9k SUEtUBHIS SFCURl acent end cap when in a | ocked position

to therebygprow %af%@gﬂﬁ&gafaﬂoﬁ Bh AL S&nififtingal d | ocking structure is
. . :

secured. 21. A spiral wound separation el'ement as set forth in claim 20
wher ei h saipdrmpeate ube extanding dlosgianl axis betyeenndirstrand aecbndiendy hub of sai d

first and i d secopd ends.,respective]y., 20 22, spiral ngd separation
bl epmnt a2 Bafl oREfeRE CoriretiRa B Shmartekivd e Gy R e g pEERISE L D)
seal i ng mpjgeer between one of the ends of the pernmeate tubes of adjacent

separation el enents and the inner hubs of adjacent se aration elenents. 23.
A spiral woundfis#pad secood crd eapsdispasedgu eably of brid first pad srid ocophé erdsoicaid of

oL 1 hrRAAER Sl B A0S OS2l 0L A0 aBnd 0 0o

10 caps each having an inner hub and an outer hub, said inner hub and said outer hub
interconnected by a plurality of ribs;

a locking structure disposed on said end caps for securing the end caps of adjacent
separation elements, the improvement comprising:
said first end cap including a protrusion and said second end cap including a recess, said

15  protrusion and recess adapted to engage corresponding structures on an adjacent end cap
when in a locked position to thereby provide feedback to indicate that said locking structure
is secured.

21. A spiral wound separation element as set forth in claim 20 wherein said protrusion
and said recess are on said outer hub of said first and said second ends respectively.

20 22. A spiral wound separation element as set forth in claim 20 further including an
axially compressible sealing member between one of the ends of the permeate tubes of
adjacent separation elements and the inner hubs of adjacent separation elements.

23. A spiral wound separation element as set forth in claim 20 wherein one of said first
permeate tube end and said inner hub of said end cap includes a groove thereon for

25  receiving a sealing member.

-20 -



